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INTRODUCTION 

It has been established that many polynuclear 
aromatic hydrocarbons (which will be referred to 
as PAH) are carcinogenic to animals and probably 
to man. This review will focus on their occurrence, 
significance in, and passage through the water 
environment, which represents a possible danger to 
man in terms of widespread exposure to PAH, 
Literature was reviewed for the years 1968 
through the first half of 1973 as an updating of an 
earlier comprehensive review by Andelman and 
Suess,' which covered the literature prior to 1968, 
and to which the reader should refer for additional 
information. 

Most of the studies on the incidence of PAH in 
the water environment have been carried out in 
Europe. The most comprehensive investigations on 
the sources of PAH, their spread in the environ
ment, and the efficacy of various treatmeiit 
methods have been done by Borne ff and his 
associates in tlte German Federal Republic. Soviet 
investigations, principally by H'nitslcii and Shabad, 
have concentrated on effluents from various 
manufacturers as one of the main sources of 
pollution of water bodies by PAH. 

In a recent review article, Shabad and irnitskii' 
pointed out that, although the amount of PAH a 
man may consume from heavily polluted water is 
only about 0.1% of the amount he consumes in 
food, carcinogenic PAH from water can accumu
late in various aquatic organisms, including fish, 
some mollusks, and edible algae. Water used for 
irrigation may also affect the level of carcinogenic 
PAH in vegetable foodstuffs. 

Jhe need to establish hygienic standards for 
carcinogenic compounds has been given more 
attention in the last few years. Shabad' states that 
"without waiting for the complete elucidation of 
mechanisms of blastomogenesis or even the solu
tion of the problem of the action threshold of 
carcinogens, everything sliould now be done to 
establish maximum permissible doses and concen
trations of individual carcinogens, taking account 
of the nature and duration of contact with them. 
The PAH are the first priority." Similarly, the 
most recent edition of tlie World Health Organiza
tion European Standards for Drinking Water 
(1970)* recommends that "for the safety of 
consumers, the concentration of PAH should not 
exceed 0.2 /ig/l." It further recommends that there 
should be at least one center in each country 
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aWe of caiiying out jnvcsligaUons of PAII In 
iking water, and llial more research Into llieir 
scnce and Importance in drinking water la 
luiied. The most recent (1962) United States 
blic Health Service standards for drinking water 
not mention PAll. However, a recent publica-

n of The National Institute of Environmental 
alih Task Force' slates: "Some materials *hlch 
ler waterways are known to be carcinogenic to 
,1 animals. Others may have physiological 
lirity of which we are currently unaware. Tlie 
ganic crmtaminants should be Identified and the 
lysiological significance of the concentrations 
und in the environment determined. Also the 
lysiological significance of the heterogenous 
ixtures as they exist far water should be 
raluated." 

Tlie fallowing review will ded with lire per
tinent physlcochemled properties of PAH. their 
analysis, origin, source, and transport in the 
environment; their presence In envlronmentd 
waters, their removal or destruction by various 
treatment processes, and the possible health 
eonsequences to man of PAH In the water environ
ment. The emphasis will be on 3,4-benipyiene, 
one of the most carcinogenic of the PAH. 

PHYSICOCHEMICAL PROPERTIES 
AND ANALYSIS OF PAH 

The chemical itmctures of two lyplcd PAH i 
asfrdlows: 

Typical polynudear aromatic hydrocarbons 

3.44ienzpyrene I J,S A-dlbenunthracene 

3.4-Benzpyrene (BP) is ubiquitous In the 
ivironment and one of the most potent of the 
rrcinogenic PAH. Consequently, it has been the 
losi studied. 1.2.5,6-Dibenzanthracene (DBA) has 
so been Identified as a very potent carcinogen 
nd I 2-benunlhracene (BA), 3.4-beninuoran-
hene (3,4-BF). 10,1 l-beninuoranthene 
lOII-BF). chrysene (Cll), 9,10-dimethyl-U-
enanlhracene (DMBA). Indeno (1.2,3-cd) pyrene 
IP) 3-in«lhyfcholanOifene (MCA), ino U*" 
tnrpjrene (1.2-BP) have been shown to possess 
aicinogenic properties.' 

The two most impwlanl prrrpertles Inlluenclng 
he incidence of PAH In water ate their solubility 
ind stability. Their high molecular weight and lack 
of polar substituenl group make tliem very 
insoluble in water. The solubility of BP In dean 
riser water or tap water was found to be approxi
mately 0.01 pgA.* 

Despite the low solubaily of PAH, their 
presence in envlronmentd waters can be locteastd 
by the action of miceDes formed by synthe^ 
detergents and by the action of other soluble 

organic compounds. The presence of surfactants br 
the range of 10 to 50 mg/1 increases the solubility 
of BP from two to ten Ibnes.' However, as noted 
by Andelman and Suess,' Uie concentration rf 
iurfactants In natural and treated waters rarely 
teaches a high enough concentration to affect the 
sidubillty of BP. Surface acOve agents In the 
concentrations from 0.1 to 1.0 mg/1 do not show 
any effect on BP solubility.* Drinking water 
standards typically prmit only 1.0 mg/1 of surface 
active agents. 

Plienol concentrations from 1 to 50 mg/1 do 
not have any effect on BP solubility,* but the 
addition of caffeine to water Increases both the 
solubility and rate of BP going Into solution, as the 
caffeine concentration is Increased from 0.01 to 
0.10 mol/l.* In their review, Andelman and Suess 
noted that other studies showed that lactic acid, 
acetone, and ethyl alcohol Increase the solubility 
of BP In water. The possibility exhte that otlrer 
organic compounds present in poDuted waters 
could dso solubillw BP. Flndly, highly poUuted 
water conUlnIng cmulalont of organic tolvenU 

would be capable of containing relatively large 
amounts of BP.' 

Studies have also shown that BP can be sorbed 
aird concentrated on activated carbon, calcareous 
material, silica, glass, and soil particles. Tlie 
presence of these minerals and other suspended 
and settled particles In natural waters can also be 
sources of relatively high concentrations of BP.' 

DP can be very stable In water and remain In 
solution over long periods of time, ll'nltskll el al.' 
performed experiments using pond and tap water 
with Initial DP concentrations of 10 and 0.01 |ig/l. 
Hie 10 fig/l solution Is prepared by adding ( nd of 
acetone solution containing 2 fig of DP to a 250 ml 
flask, evaporating tlie acetone, adding 200 ml of 
tap or pond water, and mixing thoroughly. The 
0.01 fig/l sdutlon is prepared by adding 10 ml of 
acetone containing 0.01 fig/ml BP into a 101 Jar, 
filling the jar witli pond or lap water, and mixing 
tliorouglily. Both solutions are stored in IIK dark. 
After extracting the solutions with benzene, 
quantitative analysis Is peifonned spectro-
fluorimetricaily using Slipol'skii's effect. Several 
experiments allowed that undecomposed DP could 
still be detected after 35 to 40 days to the extent 
of 5 to 20% of the Initial concentration. At the 
concentration of 10 fig/l DP, only 10 to 15% of 
the BP was destroyed In the first few days. 
However, they found that at an initial concentra
tion of OJOI ffg/l, almost 50% of the BP was 
destroyed In 24 hr. Hiey also found tliat the 
decomposition took place more rapidly In 0.02 N 
potassium pennanganatc than In pure tap water, 
and In add solution (pi I 2.7) faster Uian In 
alkaline (pH 11.6) and neutral solutions (pH 6.7). 

In otiier experiments, photooxidation was 
found to destroy 56% of tlie DP (present at an 
Initial concentration of 0.1 g/l) In one day. In the 
dark, tlie degradation was negligible. With tlw 
addition of sodium sulfite, tlie decomproitlon of 
DP was Increased to 75% In both Die presence and 
absence of light.* 

In general, studies have shown tliat Die higher * 
the temperature, oxygen concentration, and light 
Intensity, the faster the rate of DP decomposi
tion.' 

The greatest problems encountered tai the ana
lysis of PAH are their low concentrations and the 
Mpatalion of PAH from other organlcs u well as 
from cadi other. Preliminary techniques of extrac-
Don and concenlraDon udDi solvents such as 
bennne, pentsne, ndieplsne, n^uxsne, snd n-

octanc are necessary. These preliminary technique 
can be sources of error because even the purest i. 
solvents contains traces of PAll Feduiiin et a|' 
noted that these traces may affect the ulliniai 
analytical results because these preparatory lecf 
nlques of separation and concentration Involve If 
use of large amounts of solvents which, whr 
evaporated, could contain considerable amounts c 
PAH. It Is, Dierefore, Imperative that a blar 
correction be made In procedures using largi 
amounts of even chemically pure solvents. 

Column, liquid, paper, and thin-layer chromato
graphy are the most frequently used methods for 
the separation of PAH. followed by quantitative 
analysis using ultraviolet-visible absorption spectra 
and fluorescence spectra. Several studies that 
demrmstrate the methodology for the examination 
of a wide variety of water and wastewater samples 
will be mentioned In the following paragraphs. 

Paper diromatography of a mixture of PAH has 
been direussed. In which the minimum detectable 
amount on a chromatogram was 0.026 pg BP. 
0.022 pg 20-methyl-ch6lanthrene. and 0 062 pg 
BA." Schioz and Altmann'* detected 10'* to 
10'" g/ml of BP In water by fluorescence 
spectroscopy, aficr a tenfold enrichment by ex
traction with cyclohexane. a lOO-fold enrichment 
by evaporation of the extract, and a subsequent 
separation by thin-layer chromatography. 
. Dorneff" described a method to be used 
routinely for the examination of PAH in drinking 
water and ground water to assess the efficiency of 
a surface water purification plant. Tire World 
Health Organization* recommends this procedure 
for the determination of six PAH In drinking water 
to assess the presence of catdnogenic PAll in 
drinking water. Another method is described by 
Jaeger and Kassowltzova'* that can detect DP in 
drinking water at a concentration as low as 0003 
pg/l. SIddlql and Wagner" describe a method for 
the determination of DP and 3,4-DF in tain water, 
ground water, and wheat using extraction with 
benzene, saponification with 2 /VKOII, separation 
by either column or thin-layer chromatography, 
detection with ultraviolet li^t. and photometric 
determination. 

Thr llr1iiimlnj)lnn)n pniiiiipit 
waters can be particularly difficiilt because ofthe 
itttsenccjIJatatLauantitfes'bTwitaniccbmiwu 
and the very low concentrations of PAH. Sam 

ounds 
I very low concentraUdhs of PAH. Samples 

from tha Charles River Basin (Boston. 
Masu^usatts) wen analyzed for PAH and oDier 
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lie compounds using compulerized gas diro-
graphy, mass speclromelry, and high pressure 
1 chromilography.'* Keegan'^ describes a 
od developed for (he delermlnatlon of PAIf 
c parts pet trillion range and uliiized for 

al rivtrs In Connecticut. 
duMrlal eflluents are one of the major sources 
All contamination of surface waters. Ershova 
Mints'* detected and quantitatively deter-
d DA In petrochemical eriluents by a variant 
iheir spectroscoplc-nuorescence method. A 
od is described for the determination of a 
ute of several PAII In wastewaters using 
layer chromatography on alumina and low 
[lerature spectral luminescent analysis." 
.irdoni and Ihlella*" used gas chromato* 
hy to do simultaneous qualitative and quanll-
'c analysis of aromatic hydrocarbons, including 
I and phenols in industrial wastewaters. 

DRIGIN, SOURCE. AND VEHICLES 
OF TRANSMISSION OF PAH 

"or the purposes of the following discussion, 
term "origin" will refer to the formation of 
I! and the term "source" will refer to the 
.'jt or material in which PAH can concentrate 
I from which they can be disseminated to the 
ironment. Industrial eflluents, domestic cf* 
-nts, precipitation, atmospheric fallout, and 
off water ate the vehicles of transmission of 

II 

gin and Source of PAII ' 
Despite their low solubility and stabOlty In 
ler, PAH ate nevertheless ubiquitous In the 
iionment. To understand this, it is necessary to 

imine the origin of PAH. 
Industrial operations engaged ht the pyrolytic 
icessing of organic raw materials, such u coal 
i petroleum, form PAH when the process b 
ned t)ut at high temperatures (e.g., 700*C), as 
npaied to the formation of pataflins, cyclopar-
ins. olerins, and phenols at lower temperatures 

to 45U'C). The consumption of these 
rolytie products (coal tar, coal tar pitch, 
olincTcan also produce PAH. 
Some of the industrial operations that produce 
II are the preparation of acetylene from natural 

the pyrotysis of kerosene to benzene, 
uene.'^and other organic solvents,* * .the pyro-
is of wood,** manufacluic of electrolytic al

uminum using graphite electrodes," coke 
production,** gas production from petroleum,** 
the production of synthetic alcohd,** and oil 
refinery operations.""" 

The combustion of fuels by automobiles, alt-
planes, and boats involves the production of PAIL 
The source of PAII In the Charles River (Boston, 
Masuchusetts) was Ihouglit to be automobile 
exhaust condensate washed from the streets 
directly into the river by rainfall.'* Studies of toll, 
snow, and vegetation samples taken In the vicinity 
of a Moscow airport have been shown to contain 
large quantities of PAII.*' Slgnlllcantly larger 
amounts of DP were found in a Moscow reservoir 
with high boat traffic than a similar reservoir with 
low boat traffic.** Carbon black, used In the 
manufacturing of automobile tires, contains PAII 
and consequently the wear of tires on the road can 
be sources of PAII. Asphalt used far road construc
tion contains PAH that could also be a source of 
contamination.' 

The presence of PAII In remote, nonlndustrial-
Ized areas raises the question of the endogenous 
formation of PAII by plants and microorganisms. 
Bomeff et al.,** using the tedrnlque of labeled 
carbon asslmilallan, conclusively demonstrated 
that PAH can be synthesized by plants. Bacteria 
and phytoplanklon are also capable of producing 
PAH. The appearance of DP In in vitro cultures of 
three strains of marine phytoplankton was corol-
lary to the appearance of a mialure of aerobic 
bacteria. The addition of antibiotics to inhibit 
bacterial growth also prevented the formation of 
BP.'* Forest soffs sterilized al I20*C and i70"C 
and seeded with either ChUridium putride or 
Eschakhb coll contained significantly larger 
amounts of BP after standing al room temperature 
for six months." The possibility that bacteria are 
capable of synthesizing BP Is supported by the fact 
that compounds similar to DP have been found in 
the intestinal region of many animals where 
various types of bacteria are also found. Hydrocar
bons of the BP type are found in all organs, 
particularly the liver, kidneys, spleen, and lungs.*' 

The aipperton Atoll Lagoon in the northeast 
Pacilie Ocean Is not located near any source of DP, 
yet its waters were shown to contain 3.5 to 4.0 
lif/l of BP.** However, Its water b rich in 
phytoplankton and marine bacteria, which seems 
to confirm the possibility of the bloqrnthesis of 
Bf in a marine environment." 

FinaBy, it should be noted that, althou^ no 

PAH have been isolated from uncracked aude oil, 
the possibility exbts that they contain traces that 
could be sources of PAII to envirnnmental waters. 
Tlie fact tliat large quantities of such oil are 
present in marine waters (it b estimated that one 
million metric Ions are lost in the ocean during 
transport aione) and can accumulate in various 
marine organbms suggests that more research be 
done on this potential source of PAIL**-** 

Vejilcles of Transmbslon of PAII 
Induslrlal emuents carry PAII into receiving 

waters and existing nietiiods of treatment gen-
eraliy do not reduce their PAII content. Emuenis 
from Industries engaged In the thermal processing 
of mineral fuels are one of the largest sources of 
PAH contanunation of surface waters. Most of the 
quantitative studies of PAH In industrial^ efnuents 
have been done by Soviet authors. Ershova and 
Mints •** found BP and BA in elDucnts from 
Industries enpged In the production of gas from 
petroleum and in the production of synthetic 

alcohol. Sanioilovich and Red'kin" invcsiigaici 
eniuents from nil refineries and coiicliiJcd liiai 
they were the scmrce of BP pollution of tlir 
Sunziia River. Ershova" detected BP in eriTiient] 
from several oil refineries along the Volga River. 
River samples taken below the refineries and a 
sand sample from the filter of a waieiwutks 
located downstream afi contained DP. The results 
point to tiie refinery effluents as the sources of the 
BP contamination. Tlie amounts of PAH found in 
typical eflluents are summarized in Table I. 

Since municipal wastes often contain 'large 
amounts of industrial eflluents, they can transport 
PAH into surface waters. -Run-off water passing 
over roads, plants, and soils carries PAH into the 
sewage system, in addition, human urine has been 
shown to contain BP.' Table 2 lists some concen
trations of PAH found in domestic wastes. 

The amount of BP emitted annually into the 
atmosphere of a large industrial city has been 
estimated to be 30 to 40 kg.** Substances 
polluting the air are eventually deposited' by 

TABLE i 

PAH Oonccnlnlion h IndutrU Ellhiaiib* 

StialeoO 

ODtnbrpradn 

Source erwittewatn 

After treatment for dcphanolbatioa 

BPconccBlrilloa 
(Htm 

2-320 

Noltndlcalcd 
After blodicinlcd 'bcilmaat 
After oH separation 
(5 samplei} 

Spent gas Uquot 

Presenl 
12-16 
6.3,130,230, 
290, and 
quanlilr 

Very smati 
quanllly 

Oakeoiotlgu 
works 

Before dtidurgo to sewer 
Before dlsctiariB to sewer 
(2 ptanlr) 

Nollndicslcd* 
I/I00aiid340* 

OO-gas rrorks 

OOrennery 

Tar paper 

Aeelytene 

Alter oU separation (3 saoipiari 

After oB separation (3 nmptcs) 

Nolindieiled 

ffotindieated 

Ami ntfete After cooUng and seitlbv 

3,6. and 30 

None delected 

(tesenl 

13-100 

Aboni 10* 

•Other PAH also present 
*lbkett fsom Andelmaa and SneiiL> 
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TABUl 

fAll CMCMbillM hi Dameilk EfflacnliP 

Conomlnllaii Oi|A) 

Source 

Domeitic ctnuenl 
ft om I onall commn-
nily ifwi pihnicy 
Imtmcnl 

Wailecrnutiiltcn- , 
terinf Rolaeh Rher: 
Sample I 
Sample 2 
Sample 3 
Sample 4 
Sample 5 

Watle ernueiit of 

BP 

0.170 

OJOIS 
0.047 
0079 
0.100 
0.03S 
0.100 

Sloctcacli 
Wirle efllarnt of 0.361 

RadotrzcU 
Wiile elllaenl of 

itcfne. 
Simple t 0.001 
Simple 2 - 0.011 
Simple! t.840 
Simple 4 0.450 

Vcgelibte cold wash 
witer 

Simple t lAO 
Simple 2 IJI2 

IhtaeftomPliU 1-1 
bihibilinls 
(4 umples) 

Sewige of Lbnlngrad Ptticnl 
Sewi^e, flnil eff Present 

luent (4 plinls-g 
umplei) 

Sludpe from second- Present 
irjr treiUnenl 
(tiumns) 

tlumui, dried IflOO 

•Taken from Andebnan and Suea.' 

Cudnoicnie 
PAH 

3JO 

0.1 
l.i 
t.O 
0.S 
0.1 
SJO 

2.1 

0.1 
1.2 

17.9 
1I.C 

0.1 
9.0 

ais-ijo 

Tout PAH 

ISO 

oo 
2.7 
«.< 
S.i 
o.t 

ISO 

1.6 

0.0 
4.2 

07O 
6B.0 

29.2 
22.61 

- t 
I 

iiural precfpllillon or ralloul directly into sur-
LC waters or onto plants and soil where they ca'n 
• carried by run-off into surface waters. Due to 
ic endogenous formation ofPAII, a "backround" 
vel of-PAIl Is present in most soils. After an 
.lensivd study of soil samples in remote areas of 
ussia, Shabad et a].** concluded that BP concen-
ations of 5 to 10 Ml/kg of soil are not unnatural 
vels assodaled wllh exogenous conlamlnallon. 

while concentrations of I to 2 pg/kg are typically 
backround levels. The same authors found as much 
as 220.000 pg of BP/kg of soil in the vicinity of an 
oil rennery. Shcherbak" found that vegetation 
samples taken urithin 300 m of the "neHegac" 
plant in Moscow contained BP In concenlrationa 
varying from 0.6 to 5.9 pg/kg of dried material, 
and that most soil samples takeo 3.000 m from the 
phnl iliU conulncd i|uanUUei of BP higher Ihan 

Ihc gencr.il backround level for the city of 
Moscow. Studies have also shown that PAH can be 
concentrated in deeper soil layers and hence also 
contaminate the ground water.*' 

PAII have also been found in snow samples 
taken In the vicinity of a Moscow airport," on Malo Bay was Investigated by Mailet et al." ar 

and eliminate DP very slowly with residues loft i 
the liver, gonads, and muscles of the fish mm 
than 2 days after the administration of BP u 
lulted." 

The presence of BP in the tidal mud of Sain 
41 

the grounds of a timber-chemical plant," and in 
various areas of a large industrial city (Moscow).*' 
SIddiql and Wagner'' also found levels as hi^ u 
0.3 p^ of DP and 3.1 pg/l of 3.4-BF in rain water. 

PAII IN 
ENVIRONMENTAL WATERS 

For the purpose of this review, environmental 
waters will be divided into four different cate* 
gories: I) marine waten, 2) surface waters, includ
ing flora, faima, and sediments, 3) ground water, 
and 4) drinking water. 

The most extensive studies of PAII in the 
marine environment iiave been done by Mallet and 

, his co-workers. They made systematic studies of 
the Atlantic, Qhannel, and Merfitcrranean coasts of 
France, the Day of Naples, Italy, and the western 
coast of Greenland. DP was found to be present in 
almost all samples of plankton, algae, fauna, and 
sediments In the areas studied. Even the remote 
areas off the coast of Greenland contained on the 
average the same concentrations of BP as areas 
along the French coast, thus Indicating the 
ubiquity of BP in the marine environment. The 
results of Mallet's studies ere summarized by 
Andclman and Suess.' 

As noted previously, large amounts of crude oil 
are lost to the ocean each year. The possibility 
that marine organisms can concentrate and fix 
hydrocarbons could account for their presence in 
some marine organisms. Lee el el." analyzed 
several Bsh, including anchovies and smell, from 
the oil polluted San Diego Bay and found DP in 
amounts as higli as 10 pg per llsh, as well as lesser 
amounts of other PAII (average dry wci^it of each 
fish varied from 2 to 10 g). Lee et al." also' 
observed that the marine mussel Myliha edulii 
rapidly look up DP from seawater solutions and 
retained signiBcant amounts even after being 
placed In clean seawater. Blumer," while studying 
llie iong-term effecU of an oil spill in Buzzards 
Day, Massachusetts, found toxic eromatic hydro
carbons alili present In edible shellfish 2 months 

, alter the oil spill. Fish (Oraisfui mmhu) feeding 
on food containing BP were found to metabolize 

found to vary seasonally in BP content due to I 
action of anaerobic bacteria which synthesize E 
and the aerobic bacteria which degrade DP. 1 
presence of DP in the waten of aippeiton Ato 
Lagoon was aiso tliought to be due to the 
combined action of anaerobic and aerobic bac 
teria." DP found in Atlantic pliytopljiiktun in 
the Greenland to Gascony Gulf areas was thought 
to be synthesized frpm the lipids of plankton by 
bacteria." The source of most of the PAH in the 
marine environment Is probably due to endo
genous sources rather than to exogenous sources, 
such as surface waters from highly polluted areas. 

Other studies have revealed the presence of OP 
in wide zones of the Adriatic but only during the 
estival season."'" Studies conducted by 
Greffard and Meury" 'in the Toulon Harbor 
showed PAH concentrations varying between 9.0 
and 284 pg/iOO g of dried slime, and BP concen
trations varying from 3J0 to 4.0 pg/tOO g dry 
weight in washed mussels. 

Considerable quantities of PAH can be carried 
into surface waters by domestic sewage, industrial 
efDuents, and storm water run-off from roads and 
contaminated land. The maximum amount deter
mined in any of these sources has been 134 pg/l." 
The,,presence of PAH In areas remote from any 
exogenous sources also conrirms a natural level of 
PAH in surface waters. H'nitskii et al.'' concluded 
that this level did not exceed 10'' to I0~* pg'l of 
BP for surface waters, I to 2 Mg/kg of BP for 
bottom sand, and S pg of DP per kilogram of dry 
matter for algae and higher plants. Levels in excess 
of these amounts can be taken as indications of 
environmental pollution by man. 

Highly polluted waters are conducive to the 
preservation of PAH in surface waters. The Sunzha 
River in the U.S.S.R. is heavily polluted with 
detergents, benzene, ether, and oils, their concen
trations ranging from,96 to 350 mg/I. As would be 
expected, investigations carried out by 
Samoilovich and Red'kln" sliowed htgh BP 
cmrcentrations al great distances downstream from 
Industrial outfaDs (0.07 to 1.06 pg/l at a pbint 25 
km downstream from the lowest outfall). 

Laboratory cxpetimentt conducted by Suen." 
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i(ler condiliom similar lo ihe Ohio River 
itlsburgh. Pennsylvania), showed thai DP dcgra-
jtiun in natural waters depends on solar illumina> 
on. temperature, and dissolved oxygen 
jncentrations. In polluted waters with high 
Jibidily, BP would degrade very lit He In suspend-
d solids and probably not at all in bottom 
ediments. BP degradation in surface waters is also 
eljted to flow velocity and surface area, 
•amdilovich and Redlcin** found that the higher 
'le flow velocity and the greater the surface area, 
lie faster the degradation of BP. 

PAH concentrations In the surface water 
nvironmeni are very high, essentially due to 
sogienous pollution. Typical concentration ranges 
'e summarized In Table 3 and the results of some 
ecent studies are summarized In Tables 4 and S. 

Uncontaminated ground waters show the 
ouest concentrations of PAH of all natural 
.aiers. Concentrations will generally not exceed 
105 ng/I." Siddiqi and Wagner'* reported find-
ng 0.01 to 0 03 pg/l of BP and 0.08 to 0.6 pg/l of 
i.4-BF in ground water samples. 

Borneff and Kunte' * noted that concentrations 
jp to 0.10 fig/l of PAH are found in drinking 
faler. They concluded that values between 0.15 
md 0 20ftgfl demand an examination of the water 
iieatment facilities, and water containing PAH in 
excess of 0.20 fig/l should be rejected for human 
consumption. The World Health Organization 
European Standards for Drinking Water,* adopted 
in 1970, also states that concentrations of PAH In 

excess of this smount are not safe for human 
consumption. Studies summarized by Andelman 
and Suess' show that. In general, the total 
carcinogenic PAH in drinking water do niit exceed 
0.025 pg/I. 

EFFECT OF WATER AND 
WASTEWATER TREATMENT ON PAH 

Since considerable portions of the PAH present 
In untreated waters sre associated with parlides, 
separation processes such as sedimentation and 
filtration with sand or activated carbon can be 
very effective in reducing PAH concentrations. 
The highest removal (98.5%), reported by 
Borneff,'* was accomplislied in a Bocculation 
plant, which used as a primary step ferrous sulfate 
and chlorine, followed by ozone and ferric dilo-
ride, and then sand riltration. The puriTied water 
had a PAH content similar to ground water. 
Refchert et al." found that primary and second
ary sedimentation of sewage reduced the PAII by 
80 to 90%. Further treatment with synthetic 
flocculants, followed by filtration through ac
tivated carbon, yields a water with PAH concentra
tion similar to ground water. Lawerenz" found 
that treatment of water from the Elbe River in 
Bocculation tanks was effective In reducing PAH 
concentrations. 

Mechanical separation processes wilf have very 
Utile effect on dissolved PAH. irnitskli** con
ducted experiments using BP eoncenlntloiis in the 

TABLE] 

TypkaICO 

Source 

Rhine Rim 
•1 vitieus 
poinli 

Varioui Ccimali 
liven 

One Ameilcm 
fivei 

Riven teceiv-
ins cniuenls 
fiom biduf-
liicstlul 
•re MMiiRi 
of RAH 

tllon Halves Of BP sad PAII In Yi 

Oenecatntlcn (ng/O 

FredhSerfmWslciS 

BP 

OM-0.11 

0.001-0.04 

O.OTS.O.ISO 

0.0001-IS 

Csicliioccnle 
PAH 

OJII-O.T] 

03M-1J0 

Total 
PAH 

0.7I-IJ0 

0.11-1.1 

Rcreisaea 

Andel 
Snos* 

Andelman and 
Sueu' 
Keegen" 

Andeinuinand 
Sueis,' 
Eidion," sad 
SamaUovWi 
aadRedW* 
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TABLE 4 

OMweotnliaB of BP in Sniracs Waters 

Source 

Uojcow icKivain. 
•lighliy poBulcd 

Volga River below dit-
ciMrgesileoron 
rcrinery 

Priiov region, remote 
from exogenoui lonieea 
of HP 

Sunrha Rim, 3-4 km 
downitream rrom dit-
charge rllei of pet
roleum rcrmery 
aj ramphs) 

Snnzha Rim, IS km 
downslream from loweit 
dltcharge rile of pel-
.rolcum rermcrp 

Oyalar River, Omit, UA. 
Sample I 
Simple I 
Sample] 

BPconcc'.lntion 
n/i 

4-|] 

0.0001 

10-*-l0-* 

aos-)j-

0.07-IJ)f 

O.OTI 
0.I2S 
O.ISO 

RcfereiKe 

irnifikiiandRozhkova" 

Enhova" 

irnltikUctaL" 

Samoilovleb and Red'kin* * 

SamoBevich and Redhla *• 

Keagaa'* 

TABLES 

CUiicentmtiea of BP In Surface Wato Enrlimuncnl 

UPr mlratla 

Source 
ng/kg 

dry malfiial 

RubkeikoyeRaiaivQlt 
Plankton 0.7-I.S 
Bottom mnd 44 
Pbnd weeds as.2.7 

Khhnkinikoc Reiarvob 
Ptankton • 7.3-S.S 
Bottom sand )90-S00 
Pond weeds 1.7-37J 

Bottom scdbnants of 9J-I9J0 
Suntha Rim, 3-4 km 
downitream from die-

- chaige site of refinery 

Bottom sediments of . traen-).! 
Sunilia River 2] km 

. traen-).! 

downstream from dit-
dnrgesMeoriennery 

Silt in Moscow Reservoir 1.1-SJO 

Oem eMgenoua fowcai 
of BP 
Atgae S 1 1 £ l-X 

Reference 

irnhddlctd." 

irnltAUetaL" 

vkhandRedW* 

SimoOovichandRedW* 

« 

irnitAUandReahkova" . 

Etduwa" 
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TABLES 

Efficicncr of ViflfMi Combintfloni tl Wilci Ticilmenl hocuM to BlmbiM 
Lo»Conee«lriBouor8P* 

Piocen 
Number of 
txpcrbnenli 

Slindin( 
(piecfpitilfon) 

rioccublion *• 
llindinc 

Floccnblion * 
lainlion In 
pnot-pbnl 
bnljlbtlon 

•Tiken from irnllikH." 

ice that they are usually round under natural 

iditions to test the eincacy of mechanical 

jiaration prcxesses. lie found that the technlquea 

icstigated reached their practical limit at low 

ncenirations since the techniques were designed 

remove suspended, not dissolved, matter. This 
plains results summarized in Table 6 which diow 

iiost the same cfTectiveness Tor simple standing 

d of nocculation rollowed by standing. 

Dinlngical treatment is very inefTectlve In re-

nmig any PAII from contaminated waters. A 
.iiburg study, conducted by Malaney el al.," 
loued that activated sludge treatment of 

imestic sewage Trom Nashville, Tennessee, was 

lable to effect any significant removal of PAH by 

.e oxidative mechanism within normal detention 

mes. Any reduction of PAH in the sewage was 

je to adsorption by 'the activated sludge. 

rsliQva'* found that effluents from a petro-

icmical plant still contained up to 1.7 |ig/l of BP 

id 0 6 pgfl of BA even after being subjected to 

lOLliemical purification in aeration tanks, 

'nilskii et al.''' also found that biochemical 

caimeni, steam dephendlizalkm, and extraction 

Mil butylacctune do not achieve the complete 

lactivafioii of PAH in effluents. 

The contamination of surface and ground 

aters with PAH and compounds that may solu-

ili/o PAH makes it necessary to Investigate 

iriliods for the elimination of dissolved PAH 

tun potable waters. Since mechanical methods 

e not able to remove dissolved PAH, oxidation Is 

specially important. Studies on the efficacy of 
ronafion, UV and gamma irradiation, chlorine-

on. end treatment with GOs have been carried 

rs ' CKCOlhctllltrhwtliiEmtmminttlCeMnI 

liitlbtBP 
concentratien, 
XI0-* i/nri 

1.1 

Etnckncr.ft 

S4cl« 

IJ 
U 
u 

S«t9 
69 
19*3 

out by irnitskii, Ershova, Shabad, Relcliert, 

Gabovich, and their anoclates (References 7,. 27, 

57, and 59 to 66). Their results Indicate that 

ozonation is the most effective treatment for the 

reduction of PAH in water, followed by treatment 

with GOj. The other processes studied were for 

the most part inelTective in slgnifkantiy reducing 

PAH concentrations using normal rates of applica-

tion and detention times. The efficacy of ozone 

may be reduced by the presence of other organic 

compounds. BP was found to be the most resistant 

of the PAH to treatment. Some test results are 

summarized In Tables 7 and 8. 

Since BP can be present in water In either a 

dissolved stale or sorbed onto particles, li'nitskii et 

al.** carried out experiments using BP sorbed 

onto soil particles. The results indicate that the BP 

sorbed onto soil particles are more stable than 

dissolved BP. One minute's contact with ozone 

inactivated 6ift of the dissolved DP but only 33% 

of the sorbed BP; 2li min contact destroyed all the 
dissolved DP but only 60% of the sorbed DP. 

In order to deliver drinking water to consumers 

with the lowest possible concentration of PAH, 

Borneff'* recommends the use of flocculation, 

ozonation, filtration, and adsorption on activated 

charcoal for raw waten containing 0.1 to I.Otig/1 

of PAH; and that raw waters containing over 1.0 

lig/l of PAH never be used even afler purification. 

ll'nItsUi** concluded that by using ozone rather 

than idilorine and UV irradiation, a iOO-fold 

greater reduction of BP could be accomplished. 

For dissolved BP and other PAH, ozonation Is 

necessary to deliver water practically free of 

carcinogenic hydrocarbons to consumer*. 

TABLET 

an of ilrdiocatbeat Afler On* Miaew ef CbofKi wiOi Oiene* 

itydrocuben ^ 

3,4-Dcnz|i)rrena(DP) 
Priemfrvi 
IJ-Bcnanltitacfn* (BA) 
1,3 J,6-0ibenunllvKcne (DBA) 
9,IO-DtmalhjrM,2-BeiiunttuiciM (DMBA) 

39 
IS 
4.S 
3A 
0 

*rakcn from n'nitikil et aL* * 

TABLES 

Conccnifalion of 
•ndccoaiBoscd 

liydracaibon(%)arici 

Ibrdrocatban 
UVirradiaiioa 

fetdOmln 
Oionintioa 
fulnin 

3,4.Dcnirprtena (DP) 
Pjriene (PY) 
U4.6-DibenianlliiaceiN (DBA) 
Peryiein 
iJ-BenanltiraeeiM (BA) 
t,l2-0tmptirkut 
9,IODIiiiettiyl-i,3-litiBanthiaccni (DMBA) 

93 
83 
83 
81 
68 
4S 
It 

39 
IS 
3.6 

4J 

0 

Taken fram tridlskll el aL* 

Waters distributed to consumers are usually 

used for the preparation of food. Studies carried 

out by irnitskii et al.'' showed that the boiling of 

water containing 0.0002 to 0.002 n/l of BP for 

60 min destroyed most of the carcinogen. The 
results of this experiment are shown In Table 9. 

TABLE 9 

Etfeel of 60 HtnnfeS* BoBim on BP Dbmlwd In Water al 
V«i0WpllL€fcli' 

BPc«iiccntra(>oii,ii|/| 

HEALTH CONSIDERATIONS 
OF PAH IN 

THE WATER ENVIRONMENT 

pHof Number of 
water nxpetimenU Inilhl AncrboOini 

al. y'nJ'J* fit 
dhaLPAH in drinklna 

Jncidence of caneer. Also, as stated by ii'nitskii 

and Sliabad,' the amount of carcinogenic PAH 

consumed by man in water is typically only 0.1% 

of the amount he cansumes from food. Nevcrlhe-

teu, accumulation of PAH In edible aquatic 
organisms can greatly increase this amounL*** 

3.7 
3.0 
6.3 

11.0 

4 
3 
4 
4 

0001 
00003 
0.002 
0.002 

0,0,0,0.0003 
0,0.0 
0,0.0.0002,0.0003 
0,0,0.00093,0.0003 

Taken from irnllikiiei at.* 

The use of contaminated water for irrigation car 
also spread PAH into other foodstuffs.* 

Shabad* urges that everything possible be dom 
to establish maximum permissible doses (.MPD] 
and maximum permiulble concentraUom (Mpq 
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for individual carcinogens, with nrsi nrioiity being 
pi en 10 the PAIi. most notably BP. lie reported 
on ivie such efroil based on the intragasi'lc 
administration of a gradually diminishing series of 
doses of BP and observing whether or not cancer 
was induced. These e-xperiments were used to 
establish doses which did not produce cancer. On 
the basis of these data and taking into account the 
differences in body weight and organ surface areas 
of rats and humans, they calculated thai the MPC 
for BP in water should not exceed 0X)003 pg/l, 
whiLh for all practical purposes is zero. Even 
though thb type of approach may be controversial 
and far from perfect^ Shabad emphasizes the need 
for more experiments in this direction. Including 
the transplacental influence on succeeding genera

tions 
Andclman and Suess' discussed another con

cept of MPC In water in which it was suggested 
that the amount of carcinogens taken up by man 
in wafer stiouiii not exceeo ijm ol^ 'II* 
maleTiaT^ken up from normal urban air. Using 
thisTflffcepI tlie MIt for water wouiu oc 0.01T 
pg'l Based on an average daily consumption of 2.S 
I of drinking water, this comes out to IS pg/ycar 
and about I mg in a lifetime. The 1970 World 
llcjiih Organization European Standards for 
Drinking Water* recommends a concentration of 
PAII not exceeding 0.2 pgfi. 

Andelman and Suess' made calculations based 
on four samples of drinking water to determine an 
annual human consumption of PAH to be about 6. 
9. 22. and 70 pg for the populations served by 
these water supplies. 

Drinking water is not the only source of PAH 
for humans. They are also found In smoked and 
roasted foods, in vegetables, and plant fats and 
oils, as well as being breathed h from the' 
atmosphere. Borneff** vrams that human ex
posure to PAH from all these sources could result 
in a yearly uptake of carcinogens at levels which 
cause carcinoma in animal experiments. The 
amount' of arcinogenic PAH consumed from 
drinking water is probabfy not dangerous. Never

theless. In combination with other sources it 
cannot be excluded as a possible hazard, especially 
since animal experiments Indicate that repealed 
exposure to carcinogens is more effective fas 
producing cancer than an equivalent sln^e dose. 

CONCLUSIONS 

The following conclusions con be drawn from 
reviewing the literature: 

1. The signiricance of traces of PAH in 
drinking water to human healih Is not yet 
known. 

2. BP and other PAH are very insoluble In 
water but can be solubiiizcd by detergents, oils, 
and other organic compounds. In most cases, 
however, the concentrations of detergents ate not 
high cnougli to affect PAII solubilities. 

3. BP can be very stable in water and Is one 
of the most carcinogenic of the PAH. 

4. With the present emphasis on water pollu
tion control, attention should be ̂ ven to reducing 
the amounts of carcinogenic PAH disdiargcd to 
surface waters. 

5. Concentrations of PAH In uncontaml-
naled ground waters generally do not exceed 0.05 
|ig/l. I Uglier concentrations are found In surface 
and marine waters. Efforts should be made to 
determine the sources of the contamination of 
waters, especially when they may serve as sources 
of drinking water. 

6. Mechanical separation processes, biologi
cal treatment. UV Irradiation, and chlorinaiion are 
not successful in removing enougli carcinogenic 
PAH from drinking water. Ozonation and OOa 
appear to be the most promising methods of 
effectively destroying PAH in drinking water. 

7. The generally higher concentrations of 
PAH In polluted waters suggest that these com
pounds may have utility as Indicators of poDutlon. 

8. it would be prudent to establish MPD and 
MFC for PAH in drinking water. 

4. 
5. 

7. 
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